L
ow back pain is a major public health problem with signifi cant socioeconomic costs. 1 -4 From demographic, psychosocial, and occupational factors, chronic low back pain has been shown to be strongly related to immobility, muscular impairments, and avoidance behavior. 5 -7 The so-called deconditioning syndrome in low back pain includes impairments in back extensor muscle force, endurance, and spinal mobility. 8 -12 Multiple studies have shown exercise therapy to be an effective treatment to reduce pain-related disability and severity. 13 -15 Stabilization exercises have been shown to signifi cantly improve pain, well-being, and occupational status. 16 -18 Alternative forms of exercise such as yoga have also been successfully applied to chronic low back pain. 19 -23 Tekur et al 24 found that a yoga-based exercise program reduced pain-related disability and improved spinal fl exibility better than stabilization exercise did. The diversity of effective regimes indicates that the benefi t of exercise therapy in chronic low back pain cannot be attributed to muscular strengthening alone. Associated psychological processes such as changes in attentional focus and reduction of avoidance behavior are crucial in reducing deconditioning and have been successfully addressed in cognitive and behavioral therapies for chronic low back pain. 25 -30 In this study, we investigated therapeutic climbing in facilitating both muscular training and psychological changes related to pain, avoidance behavior, and body experiences. Therapeutic climbing was chosen because it mostly involves core and trunk muscles and allows specifi c and variable training of muscular impairments. Moreover, it occurs in a motivating and meaningful environment that naturally reinforces economic movements and fl exible use of the whole body. Psychologically, therapeutic climbing allows patients to make corrections and reduce pain-related fear and avoidance behavior, and it facilitates attentional change from pain to a positive attitude toward the body. Recently, the use of therapeutic climbing has become increasingly popular in neurological 31 , 32 and psychosomatic rehabilitation. 33 , 34 Heitkamp et al 35 , 36 investigated the effects of therapeutic climbing in patients with back pain and found it produced higher lateral fl exion and general power and better muscular balance than did a standard training program. However, the psychological benefi ts of therapeutic climbing have not been investigated to date. This study focused on changes in the subjective experience of physical and mental well-being, as well as on perceived abilities in activities of daily living (ADL).
To evaluate the effectiveness of therapeutic climbing, we used questionnaires to measure physical and mental wellbeing (36-Item Short Form Health Survey [SF-36]) 37 -39 and abilities in ADL (Hannover Functional Ability Questionnaire for measuring back pain-related disability [FFbH-R ]) 40 before and after a therapeutic climbing program. The SF-36 is a widely used self-report questionnaire that surveys physical and mental health status in clinical practice and research. It allows norm-based scoring on the basis of large and diverse populations and is an established standard measurement for monitoring change in a clinical context. 41 The FFbH-R is a German questionnaire that especially focuses on daily activities limited by back problems. It contains 12 ADLs such as picking up a book from a shelf or putting on socks. Patients are asked to rate their ability on each activity on a three-step scale. We hypothesized that therapeutic climbing would, similar to standard exercise training, result in improvements in perceived physical and mental health and fewer disabilities in ADL of patients with chronic low back pain. Moreover, therapeutic climbing focuses on exploration of movements and possibilities instead of focusing on the back-and movement-related pain. Thus, we hypothesized that therapeutic climbing would result in improvements that exceeded those accomplished by standard exercise training.
MATERIALS AND METHODS

Setting
The study was conducted in a German rehabilitation center. The institutional review board approved the protocol, and all study patients gave written informed consent before participation. The information stated that the study was intended to compare two exercise programs. Participants did not know the hypothesizes in detail ( i.e. , which of the programs was expected to be superior). Because both programs were performed in the same building, participants may have learned about the treatment of the alternative exercise group. However, it was possible to use the climbing wall and the training facilities only during the scheduled sessions. The amount of specifi c exercise (climbing therapy vs. exercise therapy) was therefore limited to the training sessions as described. Participants of both groups were free to do unspecifi c exercise, such as walking, in their free time.
Randomization
Participants were randomly assigned to the therapeutic climbing or the standard exercise training by means of a computergenerated randomization scheme. Numbered envelopes were prepared by a physical therapist not involved in the study and assigned to patients in a sequential order.
Patients
Physiotherapists screened consecutive outpatients and inpatients of the rehabilitation center who were applied to exercise therapy. Inpatients received convalescent care and were not hospitalized due to severe debilitating pain. All patients experienced nonspecifi c chronic low back pain in ADL and at work. Treatment was based on individual indication and was comparable for inpatients and outpatients. On the basis of orthopedic diagnostics, it included physical and exercise therapy, relaxation, massage, health education, and psychotherapy. The criteria for study inclusion were age between 18 and 65 years and confi rmed nonspecifi c cause of chronic low back pain for longer than 3 months. The criteria for study exclusion were radicular symptoms such as radiating pain below the knee, loss of sensation, muscle dysfunction, or loss of refl exes, as well as acute disc prolapse, low back surgery within the last 6 months, tumor, fractures, and other specifi c and serious causes of back pain. None of the patients were rejected from randomization or excluded due to general health issues such as cardiovascular disease, extremity injuries, or arthritis. After screening, patients (N = 28) were randomly assigned to the experimental (therapeutic climbing, N = 14) or the control group (standard exercise therapy, N = 14). Patients who did not attend more than 30% of treatment sessions were excluded from subsequent data analysis. Overall, fi ve patients were excluded, 4/14 (29%) in the therapeutic climbing group and 1/14 (8%) in the standard exercise group. This difference was statistically not signifi cant. Reasons for missed sessions were overlaps in the training schedule or private schedule diffi culties. None of the participants in the therapeutic climbing group dropped out due to climbing specifi c complications such as shoulder or knee pain. Data analysis is based on 23 patients, 10 from the therapeutic climbing group and 13 from the standard exercise group.
Therapeutic Climbing
The climbing wall was located in the gym of the rehabilitation center. The lateral length of the wall was approximately 4 m, the longer side measuring 3 m. It was 2.5 m tall and equipped with 83 duroplastic holds of different sizes, shapes, and colors ( Figure 1 ). The horizontal and vertical distance between holds varied, and their arrangement was not changed throughout training. The fl oor in front of the climbing wall was covered with several gym mats. To prevent injury, the therapist allowed only two patients to use the wall at a time . to therapeutic climbing were given 4 weeks of training with four training sessions per week, resulting in an average of 14 training sessions for each participant. Each training session took approximately 45 minutes, including a standard warmup of 10 to 15 minutes and about 30 minutes of therapeutic climbing. At the start of climbing, a specifi c warm-up occurred on the wall. Patients were instructed to laterally traverse at the wall and were free to use all of the holds. After the warm-up, the therapist gave instructions for exercises on the climbing wall designed for coordination, stabilization, and trunk muscle training. Occasionally other equipments were used, such as Frisbees and small balls. Because of the different sizes and shapes of the holds, each exercise could be adapted to the abilities of the patients to give all a taste of success. Usually at the end of each session, patients did a diffi cult but fun exercise (climbing blindfolded, traversing without using a certain hold, collecting small items placed in holds). Unlike sport climbing, where small holds are used to increase the diffi culty of the movements, therapeutic climbing does not aim at strengthening of the upper body. In contrast, it focuses on movement capabilities by using the whole body. Its intensity, overall as well as for the arms and the upper body, does not exceed that of a back specifi c stabilization exercise. Hence, therapeutic climbing is suitable for the population of patients found in back pain rehabilitation.
Exercise Therapy
Patients assigned to standard exercise therapy were given 4 weeks of training with four training sessions per week, resulting in an average of 13 training sessions for each participant. Every session lasted approximately 45 minutes and took place in a gym equipped with all necessary training units. Eight to 10 patients trained together in a group. They were observed and guided by therapists but were not given instructions for individual exercises. Each session began with a warm-up with an exercise bicycle or a fi tness ball made of soft elastic polyvinyl chloride. After the warm-up, the therapist gave instructions for exercises designed for stabilization and trunk muscle training. These exercises were identical for all patients and varied from session to session. Overall, exercises involved strengthening, stretching, mobilization, coordination, and stabilization for the abdominal, back, pelvic, and lower limb muscles. Training units such as fi tness and gymnastic balls were used occasionally. At the end of each session, cool-down and relaxation exercises were conducted for approximately 10 minutes. No additional exercise treatments were given for the groups, but a training in proper body mechanics for ADL was given as a separate lesson to all patients included in this study. All patients were free to do sports in their spare time.
Outcome Measures
At the initial evaluation, participants completed a standardized demographic form that included sex and age. All clinical information was taken from the patient record. Patients completed self-report questionnaires measuring physical and mental health (SF-36) and functional disabilities (FFbH-R) during the initial evaluation (baseline) and after the treatment (follow-up). The baseline questionnaires were completed in the beginning of the fi rst session, the follow-up questionnaire at the end of the last session.
Physical and Mental Health
The primary outcome variable of this study was subjectively perceived physical and mental health as measured by the SF-36, which includes 36 questions, each scoring on a fi ve-level response scale. The SF-36 is a generic health status questionnaire that obtains patients' assessments of their functioning, well-being, and standard health over the last 4 weeks. The items are aggregated into eight scales: physical functioning, role limitations caused by physical problems, bodily pain, standard health perception, vitality, social functioning, role limitations caused by emotional problems, and mental health perceptions. These scales form two distinct higher order clusters: the fi rst four scales correlate most highly with physical health, and the latter four contribute most to the scoring of mental health. For the physical health cluster, the lowest possible score (0) indicates "limited a lot in performing all physical activities including bathing or dressing" and the highest score (100) indicates "performs all types of physical activities including the most vigorous without limitations due to health." The lowest score for the mental health cluster (0) indicates "feelings of nervousness and depression all of the time," whereas the highest score (100) indicates "feels peaceful, happy and calm all of the time." The SF-36 has been recommended as the preferred choice for measuring change in a clinical context and demonstrated high levels of reliability in previous studies of patients with low back pain. 40 , 42 , 43 
Functional Disability
To assess how far the patients were restricted in ADL, we used the FFbH-R. 41 It is a short, 12-item, self-administered questionnaire that assesses functional limitations in ADL in patients with musculoskeletal disorders (subjects can choose among "yes," "yes with trouble," and "no," or "with the help of another person" to answer questions such as "Can you wash your hair in the washbasin?"). Data from different in the FFbH-R before versus after treatments for this group ( P = 0.575). For the standard exercise group, there was signifi cant improvement in four of the eight SF-36 subscales: vitality ( P = 0.011), role limitations caused by physical problems ( P = 0.041), mental health perception ( P = 0.005), and social functioning ( P = 0.022). No difference was found in the subscales physical functioning, general health perception, bodily pain, and role limitations caused by emotional problems (all P > 0.05). There was no difference in the FFbH-R before versus after treatments for this group ( P = 0.229). Table 2 summarizes the results of the SF-36 subscales and the FFbH-R before and after training for both groups.
A comparison of the groups showed signifi cantly larger improvements for the therapeutic climbing group in two of the eight SF-36 subscales in the physical health cluster: physical functioning ( P = 0.010) and general health perception ( P = 0.018). Figure 2 compares this difference (before vs. after) for the two groups and Table 3 gives the statistics between groups. In all other subscales of the SF-36 and in the FFbH-R, no difference between the treatments was found (all P > 0.05).
DISCUSSION
This study compared the benefi ts of therapeutic climbing and standard exercise in a randomized clinical trial. It emphasized improvements in perceived mental and physical health (SF-36) and perceived abilities in ADL (FFbH-R).
Patients displayed baseline values of the SF-36 and FFbH-R comparable to those described in other studies on chronic low back pain. 20 , 21 , 41 , 44 After the interventions, neither the therapeutic climbing nor the standard exercise group showed signifi cant improvement in the measure of disabilities in ADL (FFbH-R). However, for both groups signifi cant improvements occurred in three of the eight subscales of the SF-36 (vitality, mental health, and social functioning). In one of the eight subscales (physical role limitation), only the exercise group showed statistical improvements. In two subscales (physical functioning and general health), only the therapeutic climbing group improved while the exercise group did not. This suggests that therapeutic climbing may be equally benefi cial as standard exercise training. Comparing both the programs, the benefi ts of therapeutic climbing signifi cantly exceeded those of the standard exercise training in two of the SF-36 subscales: physical functioning and standard health perception. In the remaining six subscales of the SF-36 and the FFbH-R, therapeutic climbing did not produce improvements that exceed those of a standard exercise training program. Therefore, the application of therapeutic climbing for chronic low back pain may result in improvements of perceived physical functioning and health that are comparable and partly superior to those of a standard exercise program. To our knowledge, this is the fi rst controlled trial evaluating therapeutic climbing for chronic low back pain. It indicates that therapeutic climbing particularly improves perceived health and physical functioning, both of which are of special interest in therapy and rehabilitation of chronic low back pain.
This additional benefi t of therapeutic climbing can be explained by characteristics inherent in the training. To fulfi ll a studies indicate that the FFbH-R meets the relevant psychometric criteria and is sensitive to change. 41 
Statistical Analysis
Statistical analysis was performed with the SPSS 16.0 version for Windows program (SPSS Inc., Chicago, IL). The normal distributions of data were checked with the Kolmogorov-Smirnov test and nonparametric analyses were used when appropriate. For comparison of the pre-and posttreatment questionnaire data, the Wilcoxon-signed rank test was used. For comparison between groups, the Mann-Whitney U test was used. Data were analyzed as mean (SD) scores and a two-sided α -level of 0.05 was used to determine statistical signifi cance for all tests.
RESULTS
The mean age of the 23 study participants was 48.7 (SD = 9.7) years; 12 (52%) were women. No signifi cant differences in sex and age were noted between treatment groups and no differences in the SF-36 subscales or the FFbH-R between the therapeutic climbing and standard exercise groups were observed. A summary of baseline characteristics for each group is provided in Table 1 .
For all patients evaluated as a group, there were signifi cant improvements in all SF-36 subscales (all P < 0.05) except general health perception ( P = 0.106). There was no difference in the FFbH-R before versus after treatments ( P = 0.237). For the therapeutic climbing group, signifi cant improvement was observed in fi ve of the eight SF-36 subscales: physical functioning ( P = 0.005), general health perception ( P = 0.007), vitality ( P = 0.009), mental health perception ( P = 0.012), and social functioning ( P = 0.040). No difference was found in the subscales bodily pain, role limitations caused by emotional problems, and role limitations caused by physical problems (all P > 0.05). There was no difference climbing task, patients focus on possible movements, subtle changes in body posture, and associated processes such as balance and breathing. This likely changed their attentional focus from pain and disability to a positive and more capable experience of the body. Patients could make corrections and modify (cognitively and behaviorally) the association between movement, pain, and avoidance behavior. This new experience, in turn, may have led to improvements found in the SF-36. 45 , 46 This study did not indicate signifi cant changes in ADL as measured by the FFbH-R for the therapeutic climbing or the standard exercise group. This may be due to the high FFbH-R baseline score, which indicated that patients could perform most ADL even though they subjectively experienced physical and mental impairments (as measured by the SF-36). In addition, inpatients were not confronted with several ADL asked in the FFbH-R such as shopping, cleaning, or cooking. A comparison of ADL evaluated in the FFbH-R and the SF-36 (subscales physical functioning and role limitations caused by physical problems) shows that the SF-36 operationalizes ADL in a more general way. Hence, inpatients may have more easily related these items to their actual situation. 47 No direct measure of improved muscular function was obtained because subjectively perceived health and disability were found to be more valid predictors for successful rehabilitation, often operationalized by return to work, than were physical parameters. Gatchel et al 48 found that physically related factors, such as severity of initial low back injury and physical demands of the job, had a low relation to return to work. Instead, psychological factors, such as subjective experience of pain and disability, and psychosocial factors, such as having worker's compensation, discriminate between patients who return to work and those who do not. 49 -51 Nevertheless, future research on therapeutic climbing should integrate measures of muscular and psychological improvements to better understand which changes in physiological capability lead to changes in perceived health. It may not be the muscular strengthening per se but interplay between coordination and concentration that fosters changes in the experience of physical capabilities. This study represents an initial attempt to evaluate the benefi ts of therapeutic climbing. Results suggest that therapeutic climbing is equally and partly superior to standard exercise therapy. The sample was generally representative of rehabilitation patients; no one had previous experience with climbing and patients were randomly assigned to the climbing group. On the one side, this avoided attracting those with higher self-motivation or an affi nity to therapeutic climbing. On the other side, participants were not allowed to choose their preferred sport program, which in turn may have led to a larger dropout in the nonstandard intervention (four of fi ve participants who dropped out due to poor, i.e. , less than 30%, participation were in the therapeutic climbing group). Alternatively, the higher drop-out rate in therapeutic climbing may be explained by diffi culties of outpatients to align the therapeutic climbing to their private schedule. Due to personal constraints, only four fi xed sessions of therapeutic climbing were offered a week. In contrast, patients were able to choose an exercise therapy group according to their personal schedule. Future studies should therefore allow outpatients to adopt training and their private schedule by offering alternative sessions of therapeutic climbing.
Due to constraints in exercise facilities and the therapeutic climbing wall, it was not possible to include more than 14 participants in each group. Future studies should aim at a larger sample size, possibly by including several groups. In addition, this would allow a differential evaluation of inpatients and outpatients or male and female patients. From these results, it is not possible to make predictions about perceived mental and physical health after training and rehabilitation. Followup measures should be included in the design of future studies to explore differences in the long-term benefi ts of therapeutic climbing ( e.g. , 6 months after rehabilitation).
This study demonstrates that therapeutic climbing may be suitable for patients with chronic low back pain. The thera-
➢ Key Points
A randomized controlled clinical trial was performed in patients with chronic low back pain. Two treatments, therapeutic climbing and exercise therapy, were investigated regarding their eff ect on physical and mental well-being (SF-36) and abilities in ADL (FFbH-R). No diff erence before versus after treatments was found for the FFbH-R. For the SF-36, participants improved in fi ve of the eight subscales (therapeutic climbing) and in four the eight subscales (standard exercise). Comparing both groups, therapeutic climbing resulted in signifi cantly greater improvements in two subscales: physical functioning and general health perception. Therapeutic climbing is suitable for patients with chronic low back pain. Its eff ects were generally equal to those of exercise therapy. Greater improvements in physical functioning and general health perception may be related to a stronger refocusing from pain to physical capabilities in therapeutic climbing. peutic climbing regime especially improved the perceived health and physical functioning of patients, possibly through changes in attentional focus and new learning experiences regarding movement and pain. This provides physicians with a scientifi c rationale for recommending it to patients. Further research should investigate the physiological and psychological mechanisms of therapeutic climbing and how patients can maintain the positive experience of physical functioning after rehabilitation. Pragmatic guidelines and manuals for therapeutic climbing need to be developed, including ways in which it can be adapted to other patient populations.
